The cell wall constituents of Leuconostoc citrovorum 8082, L. mesenteroides 10830a, and L. mesenteroides 11449 have been ascertained. All three strains contained glycerol. Glucose and rhamnose were the major reducing sugar constituents. Alanine, glutamic acid, lysine, glucosamine, and muramic acid were the principal amino acids and amino sugars in all three strains. In addition, strain 10830a contained L-serine as a major cell wall component. Quantitative amino acid analyses indicate that glutamic acid, lysine, glucosamine, muramic acid, and serine may be present in the cell walls in equimolar amounts and that alanine is present in three to four times these quantities. The similarities and differences between the cell wall constituents of the leuconostocs and those of the lactobacilli and streptococci are discussed.
In previous papers, the cell wall constituents of two strains of microorganisms previously classified as Leuconostoc were reported (9, 11) . These organisms were Pediococcus cerevisiae (ATCC 8081), previously classified as Leuconostoc citrovorum, and the organism still often referred to as Leuconostoc mesenteroides P-60 (ATCC 8042). The latter is presently classified in the genus Streptococcus (12) , although its reclassification in the Pediococcus has also been suggested (7) . In view of the fact that there is no information available on the cell wall constituents of any recognized strains of Leuconostoc Culture conditions. The two strains of L. mesenteroides were grown on a semisynthetic medium (8) , which supported good growth of these organisms. The strain of L. citrovorum showed poor growth in this medium and was cultured in Trypticase Soy Broth (BBL). The (17) , and total phosphorus, by a modification of the Fiske-SubbaRow method (4) . Quantitative amino acid analyses were carried out on an automatic amino acid analyzer (Phoenix Precision Instrument Co., Philadelphia, Pa.) using the single column gradient elution system of Piez and HARNEY, SIMOPOULOS, AND IKAWA Morris (13) on samples hydrolyzed in sealed tubes with 6 N HCI (1 ml per mg of sample) at 110 C for 22 hr. L-Serine was determined microbiologically with Leuconostoc mesenteroides P-60, ATCC 8042 (20) . Table 1 , the non-nitrogenous carbohydrate composition of the cell wall was uniform for the three strains of Leuconostoc studied even when the cells were grown under several different conditions. Glucose and rhamnose were the only reducing sugars detected. The phosphorus content indicated the presence of teichoic acid, which appears to be of the glycerol type rather than the ribitol type in each case.
RESULTS

As shown in
The amino acid and amino sugar constituents of the cell walls are presented in Table 2 . The major cell wall amino acids were alanine, glutamic acid, and lysine, and the major amino sugars were glucosamine and muramic acid. In addition, L. mesenteroides 10830a cell wall contained serine as a major amino acid. The total serine in the cell wall, estimated with the amino acid analyzer, was 2.6%, whereas L-serine estimated microbiologically was 2.1 %. This indicated that the serine was essentially all of the ordinary L configuration.
To rule out the possibility that serine may have been part of a phospholipid impurity in the cell wall preparation rather than part of the cell wall peptidoglycan structure, 25 mg of L. mesenteroides 10830a cell wall was heated with 5 ml of 5% (w/v) trichloroacetic acid at 90 C for 15 min. The solution was cooled; it was then centrifuged, and the supernatant solution was discarded. The precipitate was washed twice with 1% acetic acid, and then with ethyl alcohol, ether, and chloroform, in sequence; it was then dried. The washed precipitate, which consisted essentially examined in the amino acid analyzer. Two-dimensional chromatography of its hydrolysate showed that the principal ninhydrin-reacting constituents were alanine, glutamic acid, lysine, glucosamine, and muramic acid. Small amounts of aspartic acid, glycine, serine, valine, and leucines werealso detected.
bThe constituents are listed in the order in which their peaks emerge from the amino acid analyzer.
c The organism was grown in the regular Trypticase Soy Broth supplemented with 50 g per liter of anhydrous sodium acetate.
dTwo-dimensional paper chromatography of hydrolysates showed no galactosamine and only traces of glycine in the cell walls. Since glycine and glucosamine coemerged, the glucosamine values may be slightly high. 6 In this run, glucosamine emerged slightly ahead of glycine so that the two components could be estimated. The position of the glucosamine peak is affected by the form of the pH gradient (14) . of the cell wall peptidoglycan fraction, was hydrolyzed, and the hydrolysate was chromatographed two-dimensionally. Strong ninhydrinpositive spots corresponding to alanine, glutamic acid, lysine, serine, glucosamine, and muramic acid were observed, indicating that serine was indeed a constituent of the peptidoglycan. Any CELL WALL OF LEUCONOSTOC phospholipid constituents would either have been deacylated by the hot trichloroacetic acid treatment and become water-soluble or have been extracted by the organic solvent treatment.
Quantitative amino acid analysis of the cell wall constituents of L. citrovorum 8082 gave a ratio of alanine-glutamic acid-lysine-ammonia of 3.6 to 4:1:1:3. More glucosamine was detected than muramic acid, and their sum was approximately 2 moles per mole of glutamic acid. The glucosamine and muramic acid may have been present in the cell wall in equimolar quantities, but a fraction of the muramic acid may have been converted to glucosamine during hydrolysis. In L. mesenteroides 10830a cell wall, the ratio of alanine-glutamic acid-lysine-ammonia was similar to that found in L. citrovorum 8082. The muramic acid, glucosamine, and serine seemed also to be present in equimolar amounts to glutamic acid, but the recoveries (0.7 to 0.8 mole) were somewhat low, especially that of glucosamine.
The results in Table 2 indicate that about 40% of the cell wall of the leuconostocs consists of amino acids and amino sugars. Most of these constituents comprised the peptidoglycan portion of the bacterial cell wall. The anthrone determination indicates that about 32% of reducing sugar (as glucose) was present in the cell wall, and the 1 % of phosphorus suggests that as much as 5% of polyglycerol phosphate (glycerol teichoic acid backbone) may be present. The 12% of glucosamine and muramic acid presumably occurred in the cell wall in N-acetylated form and therefore would give rise to 3 to 4% acetic acid. Thus, it seems that roughly only 80% of the cell wall substance can be readily accounted for. Recoveries such as this have been experienced in previous work with the cell walls of lactobacilli (11) . As pointed out by Salton (15) , inaccuracies may arise when reducing sugar methods are applied to cell walls, a fact which is illustrated by the low values obtained with the anthrone method as compared with the values of the Hagedorn-Jensen ferricyanide reduction method.
DISCUSSION
The results of the present investigation indicate that in most respects the constitution of the Leuconostoc cell wall is similar to that of the cell walls of the other Lactobacillaceae which have been studied (Lactobacillus, Streptococcus, Pediococcus). The apparent similarities and differences are summarized in Table 3 . As one might expect (6) , Ikawa (9) , Ikawa and Pettas (10) , Ikawa and Snell (11), Sharpe, Davison, and Baddiley (18) .
b Information summarized from Cummins and Harris (6), Slade and Slamp (19) , and Colman and Williams (5) . Further information concerning teichoic acids in streptococcal cell walls is found in Ikawa (9), Ikawa (21) . from the difference in the shapes of the organisms, certain major differences appear to exist between the leuconostocs and the lactobacilli. Whereas the lactobacilli with lysine in the cell wall also contain an approximately equimolar amount of aspartic acid (11) , only traces of aspartic acid were found in the cell walls of the leuconostocs, even though lysine was a major constituent. In addition, rhamnose, which is found in relatively few species of Lactobacillus, seems to occur regularly in the leuconostocs.
The cell wall composition of the single strain of Pediococcus which has been studied (9, 11) (11) . Its cell wall composition differs in these two major aspects from the Leuconostoc cell walls studied here. Therefore, in cell wall composition, strain P-60 corresponds more to Streptococcus than to either Leuconostoc or Pediococcus.
The finding of L-serine as a major cell wall constituent of L. mesenteroides 10830a is of interest since it is a component which has not been encountered in major amounts in cell walls of the Lactobacillaceae. It has been reported in strains of Micrococcaceae (3, 16) , in which it occurs together with glycine as a cell wall component.
